OBSTRUCTION to the outflow of blood from the right ventricle may occur as a result of congenital stenosis of the pulmonary valve, of the infundibulum, or of the supravalvular area. These all result in a fixed constriction of the lumen of the involved region. Recently, considerable interest has been focused upon a more dynamic type of infundibular obstruction that occurs in a number of patients with valvular pulmonic stenosis and an intact ventricular septum. This narrowing becomes most prominent durinog systole, and is due to hypertrophy of the wall of the right ventricle in the area of its outflow tract. Although some controversy exists as to the importance of this phenomenon, there is evidence that it may occasionally become quite significant if it is not recognized preoperatively and corrected at the time of surgery on the valve.
The purpose of the present paper is to analyze the outflow tract of the right ventricle as studied by routine angiocardiography, and to establish criteria that indicate the presence of an abnormally narrowed infundibulum in patients with In order to characterize any changes in infundibular contour in patients with valvular pulmonary stenosis, the angiocardiograms of the above group were compared to those of 30 control patients having no cardiac lesion. In all patients measurements were made of the width of the infundibulum during systole as seen on the lateral view, and these were compared with the diameter of the pulmonary bulb. A ratio of these two measurements was then obtained, thereby giving an infundibular measurement independent of heart size.
The pulmonary bulb was chosen as the basis for comparative measurement, because this structure was readily outlined and showed the least variation in its lateral diameter on multiple ex- Figure 1 Normal right ventricular angiocardiogramn during systole. A, left. Anteroposterior projection. B, center. Lateral projection. C, right. Tracing of lateral projection. Note that in both anteroposterior and lateral views systolic width of the infundibulum is simila,r to that of the pulmonary artery. The crista supraventricularis causes a slight indentation on the posterior wall of the infundibulumn in the lateral view, and infundibular width is measured at this point. Site of measurement of pulmonary bulb is also marked. Relative systolic infundibular sizes in patients and controls.
one half of its maxinmum diameter. In the anteroposterior view the infundibulum forms a conical shape during diastole, and may contract to a width similar to the pulmonary artery during systole.
In the 30 control patients with no cardiae lesions the average ratio of the minimum systolic infundibular diameter to the pulmonarv bulb was 0.63 + 0.08 (range 0.45 to 0.83).
Putlmonary Stenosis. The maximum and minimum infundibular measurements on the 13 patients with pulmonary valvular stenosis along with the infundibulum-bulb ratios are tabulated in table 1. Also included are right ventricular pressure determinations, and flnally whether angiographic or cardiac catheterization findings, or both, indicated the presence of infundibular narrowing.
Since none of the control patients had a minimum systolic infundibulum-bulb ratio of less than 0.45, a ratio of 0.4 has been chosen as critical, and below which abniormal narrowing of the infundibulum is considered present. In the present series, six of the patients with pulmonary stenosis fell into the clearlv abnormal range, one was borderline and the remaining six were within normal limits ( fig. 2 ).
The angiocardiograms of patient K.L. are showed in figure 3 and patient L.T. in ficure 4. These differ from the normal ( fig.  1 ) in that there is marked narrowing of the infundibulum duringf the systolic -phase. The lateral views ( fig. 3C, D) show that this is caused by rounded filling defects, both anteriorly and posteriorly, which represent the hypertrophie erista supraventricularis muscle and its parietal and septal bands. These bands, which enclose the infundibulum as they run obliquely downward and to the left on the septal and anterior walls of the right ventriele, can be seen on the anteroposterior view ( fig. 3A, B) as a broad filling defect compressing and narrowing the infundibular channel. During diastole the infundibula in these patients relaxed to norinal diameters, differentiating this phenomenon from a fixed congenital stenosis.
It will be noted from As in patient K.L. (fig. 3) fig. 5) confirmed the presence of valvular stenosis. Also present on the study, however, was evidenee of marked hypertrophy of the muscular bands of the infundibulum, the importance of which was not recognized before operation. An open pulmonary valvotomy was performed, relieving a tight valvular stenosis. Very shortly after operation acute right heart failure with marked systemic hypotension, tachyeardia, and lowered cardiac output occurred; and she died on the day following surgery. On postmortem examination marked hypertrophy of the infundibular musculature was found.
In reviewing the case it seemed most likely that this sudden deteriorating course immediately after surgery was the result of a "suicidal ventricle" caused by clamping down of the hypertrophic infundibulum with almost complete systolic obstruction of the pulmonary outflow tract. This might have been prevented had it been recognized preoperatively and dealt with appropriately.
Secondly, the fact that muscular infundibular narrowing may not always regress following relief of the valvular stenosis is A proportion of cases with significant narrowing will be diagnosed at cardiac catheterization by careful withdrawal tracings through the pulmonary outflow tract. Nevertheless, it seems that radiologic examination offers the best opportunity for preoperative diagnosis of this complicating factor in congenital pulmonary valvular stenosis.
Summary and Conclusions In six of 13 patients with pulmonary valvular stenosis and an intact ventricular septum studied by angiocardiography at this hospital, significant infundibular narrowing was present. This is due to muscular hypertrophy and systolic contraction of the crista supraventricularis and its parietal and septal bands.
An angiocardiographic infundibular measurement has been established utilizing the ratio of the minimum systolic diameter of the infundibulum on the lateral view to the average pulmonary bulb diameter.
In 30 individuals with no heart disease, this ratio averaged 0.63 + 0.08 anid was never less than 0.45. In six patients with pulmonary valvular stenosis the infundibulum-bulb ratio ranged from 0.10 to 0.33, indicating abnormal systolic infundibular narrowing. In three of these patients, this narrowing was not evident on pressure tracings obtained at cardiac catheterization.
Cases Routine angiocardiography offers an excellent means for the preoperative detection of an abnormally narrowed infundibulum in patients with pulmonary valvular stenosis.
